Integrating remote-sensed and historical geodata to assess interactions between rural buildings and agroforestry land by Cillis, Giuseppe et al.
Copyright © 2021 The Author(s). Published by Vilnius Gediminas Technical University
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
*Corresponding author. E-mail: dina.statuto@unibas.it
Journal of Environmental Engineering and Landscape Management
ISSN 1648–6897 / eISSN 1822-4199
2021 Volume 29 Issue 3: 229–243
https://doi.org/10.3846/jeelm.2021.15080
historical rural landscapes of the Mediterranean region 
(Pardini, 2009; Moreno et al., 2018; Santiago-Freijanes et al., 
2018; Hillbrand et al., 2017; Statuto & Picuno, 2017; Picuno 
et  al., 2017). Agroforestry land is traditionally a key ele-
ment of landscape management. Complex systems, based 
on the integration of crop-livestock-fruit/forestry trees, 
have provided a wide variety of agricultural products and 
other ecosystem services (e.g. erosion control, biodiversity 
conservation and visual quality). These traditional systems 
for centuries and are still operating in marginal and less 
profitable areas were used. The integration of olive trees 
(and sometimes vineyards) with crops and free grazing was 
widely practised (Pardini, 2009; Paris et al., 2019). 
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Highlights
	X Modifications on the agroforestry land and different impacts on its environment.
	X Comparison of cartographic support at different time periods (1955–1988–2008–2017). 
	X Specific multi-chronological land cover database incorporating different remote-sensed datasets (aerial photos, ortho-
phots and satellite images).
	X GIS and image processing techniques for land and environmental analysis.
	X Interaction between agricultural activities, land abandonment and rural buildings.
Abstract. The rural built heritage constitutes a unique example, due to architectural and technical issues, which plays a 
central role in the formation of rural landscape. In this research, interactions between rural buildings and the surround-
ing land have been examined. Two case studies exemplifying some of typical dynamics of some internal mountain areas of 
Mediterranean region have been considered. These areas are located in Basilicata Region (Southern Italy) and suffer from 
land and rural buildings heritage abandonment, as well as from the concurrent disappearance of agroforestry systems with 
high ecological value. A multi-chronological geo-database incorporating different land cover datasets over a period of 62 
years (1955–1988–2008–2017) has been implemented into a GIS to assess relationships between some rural buildings and 
the surrounding land have been then assessed. This has been achieved by integrating different types of remote-sensed 
geodata: historical aerial photos, digital orthophotos and satellite images. The analyses carried out have shown that the in-
tensity of land abandonment can also be related to the type of rural building and prevalent agricultural activity. Moreover, 
thanks to this methodology, it has been possible to produce several spatial information useful to support public decision-
makers at different level. 
Keywords: rural built heritage, Basilicata region, agroforestry land, cartography, aerial photos, satellite images, GIS, FoSS.
Introduction 
The importance of the agroforestry land is recognized at 
scientific level as a sustainable land management practice 
because it provides different ecosystem services, reduces 
direct anthropic negative impacts and a sustainable sys-
tem of food production (Nair, 1993; Buttoud  et al., 2013; 
Lasco et al., 2014; Burgess & Rosati, 2018). Moreover, it 
plays a key role in achieving integrated and connected 
rural and urban development (Saikia et al., 2017). In ad-
dition to having a high naturalistic value, the agroforestry 
land also has a huge value in terms of landscape, cultural 
and historical value as they are representative of many 
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Another important element in conjunction with the 
land transformations and landscape is represented by ru-
ral buildings and in particular those linked to a traditional 
agricultural activities (Cillis et al., 2020a). The rural build-
ing is an interesting technological model, designed with 
the aim of creating good environmental conditions for 
animals, plants and workers engaged in daily operations. 
Rural building role is closely related to what happens in 
surrounding environment. In inner areas, traditional rural 
buildings have been restored to meet current needs and 
regulations and in some cases new rural buildings have 
been built from scratch but in spatial continuity with tra-
ditional ones, so in these cases there is also a temporal 
continuity between the rural buildings and the surround-
ing area (Statuto & Picuno, 2017). Moreover, when rural 
buildings respond to concepts typical of agroecology, as 
in the case of traditional and non-intensive agricultural 
activities, the link with the territory is even stronger be-
cause they can have a direct impact on biodiversity and in 
particular with the conservation/restoration of grassland 
(McKenzie et al., 2011; Haller & Bender, 2018). However, 
in recent decades, mostly the Mediterranean territories and 
landscapes have changed a lot (De Montis et al., 2017). In 
Mediterranean region, indeed, in flat areas close to large 
urban and industrial centres, there has been an important 
land consumption (Strollo et al., 2020; Baldantoni et al., 
2019; Belda-Carrasco et al., 2019) with consequent reduc-
tion of ecological connectivity and substitution of agrofor-
estry systems. On the other hand, in hilly (Statuto et al., 
2016) and mountainous areas (Malandra et al., 2019) the 
land abandonment is increasing the forest area to the dis-
advantage of traditional and heterogeneous agricultural 
areas within which the agroforestry land falls (Cillis et al., 
2019a). In addition, there are several landscape transition 
scenarios for the whole of Europe (Pinto-Correia et  al., 
2018), demonstrating the need for both local and global 
approaches. Given the need for planning, that is increas-
ingly focused to the various territorial identities, in these 
situations it is essential to study how the relationship be-
tween different uses and land cover is changing in order to 
safeguard the ecological balance of complex agroforestry 
systems. To assess quantitatively and qualitatively these 
changes (González-Puente et al., 2014), a wide variety of 
different tools, approaches and techniques, has been tested 
and developed to include many aspects (from the spatial 
to the perceptual component).
Therefore, considering the close relationship between 
land, landscape and farm buildings (Ledda et al., 2019), it 
is necessary to implement methodologies for the assess-
ment of changes in the rural land that also include the 
built agricultural heritage. In order to include the tempo-
ral dimension in these spatial studies, it is essential to in-
tegrate several types of data, often very varied and requir-
ing different pre-processing and elaboration techniques. 
This is possible using historical maps together with other 
types of cartography and aerial photos, that allows to re-
cover territorial geodata for very long time periods. Even 
if complex to manipulate and with some errors, they are 
indeed the only source to process spatialized land cover 
and land use data, especially when changes are relevant 
(Amici et al., 2017). In addition, the inclusion of geodata 
from new generation satellite imagery is essential, since 
the spatial and temporal resolution, ensures a highly de-
tailed land cover mapping (Van Tricht et al., 2018; Statuto 
et al., 2019a). In addition, they can provide ancillary or 
predictive information that are essential for the investiga-
tion of many spatial and landscape issues, such as biodi-
versity and the impacts of intensive agriculture (Valerio 
et al., 2020; Lanorte et al., 2017; Rocchini et al., 2018). 
In this study, the relationships between rural buildings 
heritage and the surrounding land have been surveyed 
through a comprehensive geodatabase that incorporates 
several geodata from topographical maps, aerial photos, 
ortophotos and satellite images which has been imple-
mented into a GIS. This approach has made it possible 
to evaluate the dynamics of the land around rural build-
ings in order to prepare models for the determination of 
land cover dynamics both in qualitative and quantitative 
terms, with specific focus on the most relevant classes of 
the agroforestry territory, since it represents an important 
part of semi-natural habitats with a high naturalistic value 
(Calaciura & Spinelli, 2008).
1. Materials and methods 
1.1. Case studies description 
Two case studies (Figure 1) included in the Basilicata 
Region (South of Italy) have been considered. They pre-
sent territorial diversity both from a morphological and 
climatic point of view. The territory is mainly occupied 
by forests (almost 40%) and the agricultural sector is still 
an important component of the regional economy (I.Stat, 
2020a). Precisely, because of the morphololgical and so-
cio-economic diversity, agricultural systems are differenti-
ated and distributed differently in the region. Arable land 
(which accounts for 61% of the utilised agricultural area) 
is mainly located in the hilly and flat land and in particu-
lar in the eastern part of region, while pastures (29% of 
utilised agricultural area) mainly affect inland mountain 
areas with rough orography (I.Stat, 2020b). This type of 
agriculture, which is traditional and not very intensive, 
has also influenced the built-up rural heritage (Cillis et al., 
2019b). As in many other areas of the Mediterranean re-
gion, over the last century, the agricultural landscape of 
Basilicata has undergone significant transformations. 
Some areas have been specialized in high value agricul-
tural production thanks to the conditions of accessibil-
ity and fertility, in others areas instead there is a more 
modern and industrial agriculture. Some other areas have 
remained linked to a “poor and familiar” rural economy 
(especially in the mountainous area) that are now under-
going a major transformation due to the abandonment of 
agriculture (European Network for Rural Development, 
2020). In these areas, the small farms (Guiomar et  al., 
2018) that characterised the local and traditional economy 
are gradually disappearing.
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The first case study concerns the municipal territory of 
Pietragalla (Case PTG) and it spans about 65km2. It repre-
sents a typical territory of the marginal mountain areas of 
the Mediterranean and, for this reason, it was chosen as a 
typical example. This municipality is characterized by areas 
not “contaminated” by agricultural mechanization processes 
that continue to flank the regions affected by modernization 
and where agricultural systems have evolved slowly, leav-
ing visible traces of pre-existing settlements and production 
conditions. This has also influenced the characteristics and 
development of rural buildings, which are distributed uni-
formly throughout the territory without aggregation. More-
over, from a typological and architectural point of view, they 
are simple buildings for daily or seasonal stay – therefore, 
for a temporary use. Moreover, this kind of territory is af-
fected by significant phenomenon of land and agricultural 
abandonment (Statuto et al., 2017). 
The second case study (Case VUL) represents another 
situation typical of these marginal mountain areas but which, 
thanks to specific morphological, pedological and microcli-
matic conditions, have had a different agricultural history 
(Manniello et al., 2020). Currently, the process of land aban-
donment is slower than in other territorial contexts. Moreo-
ver, this area (about 67 km2) partially falls within the perim-
eter of the “Vulture” Regional Park, which has been analysed 
in a previous work (Statuto et al., 2020). Also in this case, 
the rural buildings heritage has been influenced by more ex-
tensive and profitable agricultural activities. This has led to 
the creation of rural agglomerates in different areas of the 
Vulture Park, with specific forms of colonial management or 
small fortresses (Franciosa, 1942) around which other types 
of minor rural buildings with modern characteristics, that 
have been restored or built ex-novo. 
1.2. Preliminary and mapping elaborations 
The complete analysis was based on 4 years of study 
(1955–1988–2008–2017) so as to cover the period with 
greater dynamics of transformation and for which it is 
possible to retrieve comparable datasets for large-scale 
analysis. All operations have been carried out only in FoSS 
(Free and Open Source Software) environment within an 
open-source Geographical Information System (QGIS 
3.10) which, thanks to different plugins and interoper-
ability with other software, allows a workflow in a single 
environment (Gobbi et al., 2019). This approach guaran-
tees the possibility to integrate different types of data from 
historical cartography with datasets from classical cartog-
raphy to remote sensed data (aerial photos, orthophotos 
and satellite images) (Statuto et al., 2019a).
The first operation was to create the rural heritage geo-
database for the study areas. Using the vector open data 
available in Basilicata region (RSDI, 2020) database, it was 
possible to select only those buildings that are considered 
as “agricultural” due to the presence of specific attributes 
linked to each feature. In detail, 79 rural buildings were 
selected in Case PTG and 66 in Case VUL. Finally, a 
further selection was made on the basis of the historical 
Figure 1. Locations of case studies in Basilicata region: Vulture Regional Park case study (centroid 15.58966E 40.92240 N 
EPSG:4326) on the top; Pietragalla case study (centroid 15.85332E 40.75722N EPSG:4326) on the bottom
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continuity of the buildings, only the rural buildings that 
are certainly present in the 62 years of analysis were se-
lected. Subsequently, considering the objective of studying 
the relationships between the rural building and the sur-
rounding land, a square buffer of 25 ha around the cen-
troid of each rural building, both those isolated and those 
close to each other, was taken as the sample area, as it 
was proposed in other works (McKenzie et al., 2011; Cillis 
et al., 2020b, 2019b). Before mapping the ground cover, 
the various cartographies, aerial photos, orthophotos and 
satellite images were retrieved and processed (Figure 2), 
so as to be implemented into the GIS.
Historical aerial photos as privileged sources to assess 
the “significance” of individual landscape data. But, like 
any historical source, it needs to be properly contextual-
ized and analyzed, in order to be able to critically grasp 
the limits and potentiality of the information contained.
Considering the characteristics of each historical data, 
a different approach is needed for each one in order to 
assess its usability and to reduce the errors that can re-
sult from manual or semi-automatic digitisation. In fact, 
for a correct land use/cover analysis with this methodol-
ogy, several aspects have to be taken into account, such 
as: definition of the minimum mapping unit (Burnett & 
Blaschke, 2003), the impossibility to verify the thematic 
attribution to the different cartographic elements and the 
different resolutions to which the elaborations are made 
(Turner et al., 1989). But, on the other hand, the use of 
maps obtained from the manual digitization of historical 
supports represents the only possibility to retrieve infor-
mation about the spatial configuration of the territory in 
the past (Geri et al., 2010; Pindozzi et al., 2016). Finally, 
it is always necessary to calculate and take into account 
the errors related to the rectification and georeferencing 
of historical geodata in order to be aware of possible limi-
tations in their use (Liu et al., 2018; Gobbi et al., 2018).
Considering the differences in the used basic data, pre-
processing operations were carried out for each year in 
order to create starting raster, on which the digitisation 
and manual classification of land cover classes were sub-
sequently carried out (Table 1). We opted for this type of 
mapping considering the reduced surfaces and the need to 





RUR Constructions classified as 
“agricultural” in Basilicata region 
geodatabase (RSDI, 2020). Comprises 
several categories of rural buildings 
(rural dwellings, temporary 
dwellings, stables and warehouses).
Road 
network
ROAD Stable roadway and a width of more 
than 6 metres. Comprises the main 
road network.
Forest area FOR Forests and woodland area with 




AFFOR Area with exotic conifers and 
allochthonous species planted by 
men.
Grasslands GRASS Natural grasslands often associated 
with non-cultivated areas. Often 
located in rugged and sloping land. 
Often includes rocky ground,  moors 
and occasional pastures. They do 
not have constant and long-term 




ARAB Cultivated land with different crops 





Shrubland SHRUB Vegetation with low cover, 




TRANS It can represent either woodland 
degradation or forest regeneration/
colonisation. Class representing 
natural development of forest 
formations, consisting of young 
trees species, shrubs, dispersed 




BUILT Built-up areas realised by man 
(buildings and connected surfaces). 
Rural buildings are excluded, as they 
represent a separate class.
Figure 2. Sample details extract from Case PTG on some remote sensed data used in this study:  
1955 aerial photo, 1988 B/W orthophoto, 2008 and 2017 true colors orthophotos
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have a degree of detail and accuracy that with semi-auto-
matic classifications is more complicated to be obtained. 
The land cover map so obtained has a Minimum Mapping 
Unit (MMU) of 0.01 ha, which corresponds to the smallest 
rural building.
1.2.1. 1955 dataset
After the II World War the Italian Military Geographic 
Institute [IGMI] commissioned a series of flights over the 
whole Italy to survey the national territory. The relevance 
of this dataset lies in the fact that these are the first stereo-
scopic photos of the Italian region. The frames (230 mm 
× 230 mmm) were scanned at a resolution of 1200 dpi. 
The height of the flight was around 6000 m a.s.l. and in 
Basilicata region the flights were made during the month 
in May 1955. The approximate scale is 1:33,000 (IGMI, 
2020). Rectification and georeferencing process of these 
frames were not easy, because the calibration certificate 
of the camera was not available. Different methodologies 
have been proposed and tested for the orthorectification 
of this type of frames (Gobbi et  al., 2018). Considering 
that study areas are limited in terms of surface area, and 
do not present particular morphology and characteristics, 
a series of geo-referencing operations were carried out for 
each group of rural buildings, identifying, time by time, 
a sufficient number of Ground Control Points (GCP) on 
more recent orthophotos (1988–2017) already geo-refer-
enced. A polynomial correction was applied in series, that 
guaranteed Root Mean Square Error even below 5 meters 
in some cases. This operation has produced several geo-
referenced rasters, each one associated and clipped with 
respect to the buffer of each individual rural building.
After this operation, the land cover classes (Table 1) 
were mapped by manual digitisation. Also for this opera-
tion, it is possible to carry out semi-automatic classifica-
tion operations, but given the reduced surface areas, the 
manual procedure has been chosen as more speditive 
(Gobbi et al., 2019) in order to improve the identification 
of the different classes, the 1:25,000 scale maps of the 1955 
IGM were also used as an additional support. 
1.2.2. 1988 dataset
For the year 1988, the orthophotos already georeferenced 
supplied by the Italian Ministry of the Environment (WMS 
service) have been used. These orthophotos are in 1:10,000 
scale. Satellite images have been used to improve classi-
fication and especially to distinguish land cover classes 
that may be difficult to interpret. They have been used to 
distinguish arable lands from grasslands, which in many 
cases, and considering the period when orthophotos are 
taken, are difficult to differentiate in some situations. Spe-
cifically, satellite images of the Landsat 5 TM mission of 
several months and in correspondence with the different 
phenological periods of the vegetation were used (Lan-
orte et  al., 2015; Filizzola et  al., 2018). These have been 
downloaded, pre- and post- processed directly in QGIS 
by Semi-Automatic Classification Plugin (Congedo, 2016). 
This step allowed to discriminate the grasslands from the 
cereal areas which were then digitized manually.
1.2.3. 2008 dataset
To process the 2008 dataset, AGEA (Italian Agency for 
Agricultural Payments) orthophotos already georeferenced 
through the WMS service provided by the Basilicata Re-
gion were used. Also in this case, the manual classification 
of cereal fields and pastures was helped through the inte-
gration with Landsat 5 TM satellite images.
1.2.4. 2017 dataset
For the year 2017, AGEA already georeferenced AGEA 
orthophotos have been used, to which Sentinel-2 L2A im-
ages have been associated. In this case, the integration was 
more efficient, thanks to the characteristics and usability 
of these satellite images for purposes related to crop detec-
tion (Belgiu & Csillik, 2018).
1.3. Spatial and statistical analysis
After mapping the land cover for each year of study and 
for each rural building buffer, a first generic evaluation of 
the territorial patterns was carried out through a quantita-
tive analysis of the areas in terms of hectares (Figure 3). 
On the basis of these data, an immediate survey was car-
ried out through the Sharpe Index (Hulshoff, 1995), that 
allows to easily understand what were the main changes 
of a given land or landscape in a certain period of time, 
since this index gives the measure of the “speed” – or, 
rather, the intensity – of the territorial transformations. 
The Sharpe index is applied to individual types or classes 
of land cover, and can be either positive or negative. If 
this value assumes a positive value, we are in presence of 
a land cover that has recorded an increase in area in the 
reference period, while if the value assumes a negative 
sign, the land cover in question has reduced its surface. 
This index is very useful to quickly identify the land cover 
most responsible for the changes in a certain period. Since 
Sharpe’s index does not highlight the extent of different 
land uses in terms of hectares, a more detailed analysis 
was carried out through the cross-classification directly 
between vectors to identify the quantitative transforma-
tion trajectories of each land cover class for the periods 
1955–1988, 1988–2008, 2008–2017. In addition to the data 
tabulation, Sankey diagrams were produces (Cuba, 2015). 
Land cover 
Class Acronym Description
River zone RIV “Atella” River area and the riparian 
vegetation existing along the river.
Chestnut 
forest
CHEST Forest areas made up of chestnut 
trees. It has been separated from 
the forest area because the “chestnut 
forest” is a typical feature of study 
area. They have an artificial origin, 
but over time they have become a 
semi-natural habitat.
End of Table 1
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It is a graphical approach to show the land cover data con-
tained in one or more cross-tabulation matrices based on 
Sankey’s diagrams, which simplifies visual interpretation 
and efficiently translates land cover changes over multiple 
time intervals. The graphical visualization of land cover 
dynamics with Sankey diagrams does not remove the 
usefulness of reporting detailed measures of land cover 
dynamics in tabular form, but rather gives benefits that 
are complementary to those of cross-tabulation matrices.
To answer the question: have the transformations 
occurred equally around every rural building? the % of 
“change” and “no change” in each buffer has been calculat-
ed individually. This allows a kind of discrimination ena-
bling to provide information about areas and farm build-
ings that need more attention from a land management 
point of view. In addition, it is possible to obtain general 
statistics to evaluate how the ratio between changed and 
unchanging areas varies for the different periods of analy-
sis (1955–1988; 1988–2008; 2008–2017). 
By imposing the 50% value as a limit, rural buildings 
buffers have been identified for the two case studies that have 
undergone, in the three periods, a change in terms of surface 
area greater than 50%. The limit in this statistical discrimina-
tion could be determined by a specific land indicator that a 
public decision-maker can use based on objectives and needs.
Finally, for a first survey on the causes of the trans-
formation phenomena in the areas surrounding some 
rural buildings buffers, these (selecting those with changes 
greater than 50%) have been related to the slope raster, 
which has been calculated starting from the Digital Terrain 
Model DTM at 5 meters resolution (RSDI, 2020). Being a 
preliminary investigation, only the slope was considered, as 
it represents one of the main drivers in the abandonment 
processes (Cillis et al., 2020a). This approach has been ap-
plied only to Case PTG, as it is the case study where areas 
with intense changes are most prevalent and numerically 
evident. This analysis also presupposes a statistical evalu-
ation, so a box plot has been made to highlight how the 
slope varies with respect to the periods of change and where 
no changes have occurred. Thanks to the use of DataPlotly 
(DataPlotly, 2020) a QGIS plugin, it has been possible to 
realize the boxplot, working directly on the shapefiles and 
without changing the working environment.
2. Results 
2.1. Agroforestry land cover dynamics 
The land cover maps produced for the four different 
chronological levels, in which the relevant areas for each 
land cover class (expressed in ha and %) are summarized, 
are shown in Figure 4 and 5. These data are also shown in 
Table 2 and Table 3, where the net change for each time-
lapse was also calculated for the whole 62-years period. 
Figure 3. Flowchart to summarize the main steps of the research
Figure 4. Land cover map for the Case PTG. A general overview of the boundary  
of the municipality analyzed and below a detail of some buffers
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Figure 5. Land cover map for the Case VUL. A general overview of the boundary  
of the municipality analyzed and below a detail of some buffers
Table 2. Total surface for each land cover class (expressed in ha and %) over the years for Case PTG.   
For land cover classes acronyms, see Table 1
1955 1988 2008 2017
ha % ha % ha % ha %
RUR 1.82 0.15 2.78 0.23 3.04 0.25 3.18 0.26
ROAD 8.56 0.69 13.06 1.06 12.51 1.01 12.70 1.03
FOR 155.22 12.59 244.76 19.85 361.67 29.33 395.21 32.05
GRAS 123.83 10.04 304.01 24.65 212.97 17.27 283.75 23.01
ARAB 815.28 66.11 516.60 41.89 455.61 36.95 339.39 27.52
VIN 9.38 0.76 7.98 0.65 9.50 0.77 11.44 0.93
OLI 7.30 0.59 30.80 2.50 40.71 3.30 39.91 3.24
ORC 0.65 0.05 2.20 0.18 11.49 0.93 12.26 0.99
SHUR 14.91 1.21 34.54 2.80 53.73 4.36 54.49 4.42
TRANS 87.48 7.09 73.75 5.98 67.08 5.44 73.88 5.99
BUILT 0.00 0.00 1.53 0.12 2.94 0.24 5.15 0.42
RIV 8.76 0.71 1.17 0.09 1.94 0.16 1.83 0.15
1233.18 100.00 1233.18 100.00 1233.18 100 1233.18 100
Table 3. Total surface for each land cover class (expressed in ha and %) over the years for Case VUL. For land cover classes 
acronyms, see Table 1
1955 1988 2008 2017
ha % ha % ha % ha %
RUR 0.65 0.07 2.35 0.24 2.06 0.21 8.30 0.84
ROAD 4.89 0.50 12.54 1.27 20.12 2.04 19.82 2.01
FOR 102.74 10.42 127.36 12.92 146.03 14.81 156.70 15.90
GRAS 36.28 3.68 59.91 6.08 51.99 5.27 86.68 8.79
ARAB 788.21 79.96 722.58 73.30 706.37 71.66 655.02 66.45
VIN 1.42 0.14 2.49 0.25 1.34 0.14 1.47 0.15
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The analysis enabled through the identification of the gen-
eral dynamics of the agroforestry land of the study, shows 
that some areas have radically changed during the whole 
62-years period of time considered. 
From the analysis of the tables and graphs, it emerg-
es for both case studies, that rural buildings buffers are 
mostly covered by agricultural areas (Figure 6). In par-
ticular, in Case VUL, arable lands covered around 80% 
of the total in 1955 and the value, during the 62 years 
of analysis, does not decrease drastically having reduce to 
around 66% in the year 2017. Unlike what happened in 
Case PTG, where between 1955 and 1988, arable lands 
decreased from 815.28 ha to 516.60 ha, with a drastic re-
duction that continued in the following years. In addition, 
the difference in the land pattern between the two cases 
immediately emerges, because for Case PTG there is a 
greater complexity and heterogeneity due to the greater 
distribution of other land cover classes.
The datasets need a comparative analysis by couple of 
years progressive to assess how the land has evolved. A 
first and intuitive indication on which are the classes of 
land cover that have most influenced the transformations 
is given by the Sharpe index (Figure 7). In fact it emerges 
that the land cover classes most affected by the dynamics 
are, for both cases, arable lands, grasslands, shrublands and 
transitional woodlands. Moreover, also the trend of the 
positive and negative values of the single classes is similar 
even if with different entities. This is further confirmation 
that the dynamics are generally similar in both the two 
study areas, but with different orders of magnitude. A sub-
stantial difference that emerges from the graphs of the two 
case studies is that, in Case VUL, two classes of coverage 
that have determined a substantial transformation are also 
those related to rural buildings and roads, demonstrating 
an increase in anthropic pressure on these areas.
In order to allow a more detailed analysis, a contingen-
cy matrix has been created. This is a type of detection of 
the changes obtained through a cross-tabulation analysis, 
which allows to highlight the changes occurred over time 
both in qualitative terms – showing them directly on the 
map – and in quantitative terms, allowing the calculation 
of the total extension of the land cover change occurred 
at different times. Through the direct geoprocessing of 
vector data, it was possible to exploit the functionality 
of the Group Stats plugin (Group Stats, 2020) which al-
lows to realize a vector-based cross-tabulation matrix for 
each period of analysis and then export the results to a 
table (Table S1–S6 in Supplementary material). The ta-
bles created show the proportion (hectares) of unchanged 
area for each land cover class for each time-lapse (on the 
diagonal), as well as changes from one land cover class 
to another (off the diagonal). The rows show the areas 
each land cover class has transformed into the relevant 
class reported in the columns in the period analysed. For 
End of Table 3
1955 1988 2008 2017
ha % ha % ha % ha %
OLI 0.00 0.00 0.00 0.00 2.06 0.21 2.30 0.23
ORC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SHUR 11.63 1.18 12.16 1.23 13.57 1.38 21.52 2.18
TRANS 22.75 2.31 35.24 3.58 31.73 3.22 23.48 2.38
BUILT 0.70 0.07 4.52 0.46 3.15 0.32 3.05 0.31
RIV 1.96 0.20 1.00 0.10 1.42 0.14 1.42 0.14
CHES 10.68 1.08 2.18 0.22 3.13 0.32 3.13 0.32
AFF 3.83 0.39 3.39 0.34 2.77 0.28 2.87 0.29
985.73 100.00 985.73 100.00 985.73 100.00 985.73 100
Figure 6. Land cover histograms (in percent) for different years 
of analysis. Case PTG on top and Case VUL on bottom
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example, concerning the Case PTG (Table S1–S3), it is 
noted that in the period 1955–1988, a surface of 205.32 
ha of arable lands turned into grasslands and another part 
(about 60 ha) into forest area. The last ones have increased 
both because of the abandonment of agricultural areas, 
but also because of the natural succession of about 45 ha 
of transitional woodlands, which have been restored by 
other processes of abandonment of agricultural areas and 
natural evolution of grasslands and shrubs. There is also a 
modest increase in artificial land cover classes, farm build-
ings and roads. This anthropization process has occurred 
almost exclusively at the expense of agricultural areas (al-
most 9 ha). In the second period (1988–2008) the dynam-
ics are more or less similar in terms of general trends, but 
concerning lower surface areas, even because to a  period 
more short than the previous one, as well as because the 
transformation processes slowed down, since most of the 
agricultural land was lost in the previous period. What 
increased considerably is the interchange between the 
classes of land cover typical of a territory defined as agro-
pastoral forest (FOR, SHRUB, GRASS and TRANS). In 
fact, even if in terms of total area, the areas do not vary 
much, within these classes there is a high dynamism; this 
is due to the natural phases of ecological succession and 
renaturalization of abandoned agricultural areas and part-
ly to the reduction of pastures that has led to an accelera-
tion of the transformation processes in FOR and TRANS 
(Bracchetti et al., 2012). As far as artificial built-up areas 
and rural buildings are concerned, there are no substantial 
variations. For the third period (2008–2017), apart from 
a further transformation of 119 ha between arable lands 
and grasslands, there is some stability both in terms of ar-
eas and in terms of dynamism between the different land 
cover classes. 
As far as the river zone is concerned, it can be not-
ed that only in the year 1955 it had a significant surface 
weight (almost 9 ha). Over the years, the approximately 7 
ha of river zone have been lost and they have been trans-
formed mainly into forest (specifically into hygrophilous 
forest vegetation); the riverbed has been reduced conse-
quently to the reduction of water flow from the surround-
ing areas, which in the past were mostly agricultural areas, 
and which over time have become forest or shrubland ar-
eas which incorporate part of the rainwater. 
The Case VUL (Table S4–S6) shows a difference be-
tween the first period (1955–1988) and the next two. In 
fact, during the first period it can be seen the most impor-
tant transformation that mainly involved the agricultural 
areas, which became 50 ha of grasslands and almost 20 ha 
of forest area. In this case study, there are also chestnut 
forests, which have an important productive importance; 
in fact, in this period there has been a substantial increase 
with a conversion of forest area to agricultural areas. In 
addition, there was a first important increase of artificial 
surfaces and in particular of built up area (about 4 ha) 
and roads (almost 8 ha) at the expense of arable lands, 
Figure 7. Sharpe index visualization. Case PTG (left) and Case VUL (right)
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demonstrating the increase in infrastructure and the via-
bility around rural buildings (also significantly increased). 
Overall assessing the dynamics of the three periods, it can 
be seen that, in general, the trend is similar to the first 
case study, but with lower and limited speed and range, 
therefore with a greater stability of land cover over the 
years. Also in this case, the classes of land cover linked to 
the transformations of natural and semi-natural habitats 
(GRASS, SHRUB, TRANS) are the most dynamic. 
For a qualitative assessment of the data of the matri-
ces previously mentioned and for an immediate analysis 
of the tabular data, Sankey diagrams have been created 
(Figure 8) to track the changes occurred in the three pe-
riods of analysis and for both case studies. Considering 
the number of classes used, the resolution of the data, and 
analyzing the transition matrices, it was preferred to make 
the diagram only for the most dynamic classes, which are 
also those of interest from an agroforestry point of view. 
These classes refer to arable lands, forest area, shrub-
lands, grasslands and transitional woodlands, which rep-
resent important coverage classes for the evaluation of the 
evolution of natural and semi-natural habitats typical of 
Mediterranean rural landscapes (Cillis et al., 2019a) and 
which are the ones that have most influenced the transfor-
mations as also emerged from the Sharpe index. 
2.2. Rural building buffer area dynamics
Figure 9 and Table 4 show how in Case PTG, rural build-
ings whose buffer area has changed more than 50% are 
more evident than in Case VUL. But what is most notice-
able, is that the major changes between rural buildings 
and territory occurred in the period 1955–1988, when in 
34% of the buffers these important changes in land cover 
occurred. In the other periods the data in Table 5 show 
how (also the Case VUL) the land cover changes occurred 
in a distributed way in all rural buildings buffers and only 
in a few situations (with maximum values around 7.5%) 
there was a radical change within rural buildings buffers.
Finally, analysing the boxplot (Figure 10) highlighting 
the relationship between slope (in degree) and rural build-
ings buffer, in which the surface area has changed more 
than 50%, it can be noticed that in the first two periods 
(1955–1988 and 1988–2008) most of the rural buildings 
buffer changes are within very high slope values. This situ-
ation can be compared to the values in the buffer of rural 
buildings which did not change, that in addition to pre-
senting a much greater variability, have a median around 
11° compared to almost 14–15° of the changed areas. 
Figure 8. Sankey diagram for the dynamics of transformation 
of the main classes of agroforestry land cover for the three 
study periods. Case PTG on the left, Case VUL on the right
Figure 9. Rural buildings buffer with changes greater than 50% and other without important changes (<50%).  
Case PTG on the left and Case VUL on the right
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Table 4. Number of rural buildings whose buffer area changed 
more than 50% during the three analysis periods and for the 
two case studies. The percentage refers to the total number of 
rural building buffers 
Case PTG Case VUL
n. % n. %
1955–1988 27 34.2 4 6.1
1988–2008 6 7.6 2 3.0
2008–2017 4 5.1 5 7.5
Total n. Rural 
buildings 79 66
An unusual situation is recorded on the few areas 
changed in the period 2008–2007, in which the values are 
much lower than the other cases and in which the specific 
motivations should be analysed individually taking into 
account also other drivers.
3. Discussion
As highlighted by the obtained results, the study shows 
that the territory, during the 62 years of analysis, has 
changed in both case studies and in line with the trend 
that has occurred in many inland areas of the Mediter-
ranean region and especially along the Italian Apennines 
(Malandra et al., 2018). In particular, the main typical dy-
namics are related to the reduction of agricultural areas 
in favour to natural areas. Within these natural areas, on 
the other hand, the dynamics are different in relation to 
the context and the individual classes of considered land 
cover; after an initial transformation into grasslands, the 
abandonment processes continued until many areas were 
transformed into forests. This shows that, in addition to 
the loss of agricultural activity and the cultivation of ce-
reals, all those agricultural activities linked to free graz-
ing have been reduced over the years. This last process is 
much more evident in the Case PTG case study because 
the rural heritage was mainly realized for grazing pur-
poses and, therefore, the abandonment of this form of ag-
ricultural activity (Quaranta et al., 2020) has led to much 
more intense and rapid transformations than Case VUL. 
In fact, while in 1955 the area surrounding the farm build-
ings was largely occupied by cultivated land, in 2017 the 
forest became the main element of the territory. The most 
intense abandonment certainly took place between 1955 
and 1988; this is due both to the duration of the period 
analysed and to the different processes described (Picuno 
et al., 2019).
Analyzing the time interval from 1988 to 2008, it can 
be seen that in addition to the high dynamism of the natu-
ral and semi-natural land cover classes, agricultural activ-
ity has slightly diversified thanks to the transformation of 
cultivated land into vineyards and olive groves, certainly 
representing the period in which there has been a greater 
heterogeneity of the land due mainly to the different levels 
of ecological succession that have originated in abandoned 
arable land. In the last period (2008–2017) the intensity 
of the transformation and abandonment processes in 
the territory surrounding the farms has decreased, since 
there has been less transformation of the agricultural ar-
eas, which have stabilized in more favourable and prof-
itable parts of the territory in terms of accessibility and 
soil quality. On the contrary, the areas around farms that 
most have changed are those with the steepest slopes. This 
phenomenon, which has also occurred in other (Statuto 
et al., 2017) territorial contexts, is mainly due to changes 
in socio-economic conditions and in European agricul-
tural policy, that have made it less convenient to cultivate 
the lower productive parts of inland areas. Besides con-
sidering other factors (both morphological and socio-
economic), a methodology to improve the analysis is to 
consider individually the different categories of land cover 
change (Peña-Angulo et al., 2019).
Evaluating in greater detail the transformations 
that have occurred, in addition to the processes of 
Figure 10. Box plots of the relationships between slope with rural buildings buffer with changes greater than 50% of surface for 
the three analysed periods and with rural buildings buffer (no changes) with few changes. Horizontal lines inside the box indicate 
the median value of each parameter. The bottom of the box is at the first quartile (25% of distribution), and the top is at the third 
quartile (75% of distribution) value, while whiskers indicate variability outside the upper and the lower quartiles
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abandonment of the cultivation of cereals, it is important 
to consider the transformation processes of the prairies, 
which have become semi-natural habitats of the highest 
naturalistic value (Alard et al., 1994; Cousins, 2009). The 
abandonment of agricultural activity by farmers and con-
sequently also the same rural buildings have led in many 
contexts to an advancement of the forest and a homogeni-
zation of the agroforestry territory to the detriment of dry 
grasslands with high biodiversity, i.e. those semi-natural 
habitats of Community interest linked to grazing (priority 
habitats Natura2000 code 6210*). These particular situa-
tions require in-depth study and field surveys in order to 
be able to assess them individually. In addition, this ap-
proach can be integrated into predictive models for local 
forest protection against climate change (Viccaro et  al., 
2019) or provide data to assess how some agricultural 
practices have affected High Nature Value agroforestry 
(Almeida et al., 2016) systems such as those analysed in 
this study.
Therefore, an overall assessment of the relationship 
between land transformation and rural buildings in the 
two case studies shows that in both situations there is a 
phenomenon of abandonment of agricultural areas, with 
consequent loss of semi-natural habitats in favour of forest 
habitats only. However, this process has been more intense 
in the Case PTG where the built rural heritage is simpler 
and linked to seasonal use, it is an expression of a more 
traditional type of agriculture on a small scale and often 
familiar that, considering the current economic crisis of 
this sector and the concurrent process of depopulation, 
has led to the complete abandonment of areas less favour-
able to this type of agriculture. In the Case VUL, an area 
that in any case suffers from depopulation and economic 
crisis (I.Stat, 2019), this process seems to proceed more 
slowly, both thanks to the characteristics of the territory 
and to the type of agriculture that has historically settled 
(with larger and less fragmented land and larger rural set-
tlements distributed in strategic points of the territory).
Finally, considering the variability of the intensity and 
speed of the transformations occurred in the two case 
studies, it is necessary, in order to study the relationship 
between territory and rural buildings, to have a diversi-
fied approach according to the territorial context of ref-
erence, adapting the analysis methodologies in relation 
to the environmental, landscape and economic charac-
teristics of the individual areas. From a technical point 
of view, however, the methodology used, even if applied 
on a small area, can be useful to understand how the 
landscape around farms has been transformed, identify-
ing mainly those farms that play an important ecologi-
cal role within the agroforestry territory. Moreover, the 
construction of a geodatabase that includes rural build-
ings has made it possible to carry out spatial mapping and 
geostatistical evaluations. From the methodological point 
of view, the transition matrices, thanks to their ability to 
highlight both macro and micro changes, are certainly one 
of the tools that could be adopted by the planners of the 
territory. These tools, associated with the dynamic Sankey 
diagrams, in which it is possible to view in an interactive 
way also the tabular data, allow to make cross-tabulation 
analysis simpler and more efficient, easily usable by public 
administrations. 
The methodology applied in this study can be under-
stood as a first synthetic approach for the territorial analy-
ses developed and the basis for a study of the relationship 
between changes in the territory and the built rural herit-
age. To this end, a simple buffer was used to standardise 
the survey, but for a more in-depth analysis it may be pos-
sible to evaluate the relationship with the cadastral parcels 
associated with each rural building, in order to include 
administrative and economic data in the analysis. The re-
search is based on a study area (Basilicata Region) that 
presents some peculiar characteristics. These, however, can 
be found in other similar mountain and marginal areas. 
Therefore, in areas characterised by a similar agroforestry 
land both in terms of ecological and morphological struc-
ture, with a non-intensive agricultural activity linked to 
small areas and to a traditional rural building heritage and 
by an intense land abandonment that implies an increase 
in the forest surface, this approach can potentially be ap-
plicable also in other study areas. Furthermore, given the 
characteristics of the geodata and the fact that the tools are 
totally open source, the techniques can also be replicated 
and even partly improved in relation to specific needs. 
Conclusions
The results which have been obtained in this paper show 
that farm buildings represent a fundamental pillar for the 
sustainable management of the agroforestry land, since 
they cover the most marginal hilly and mountainous ar-
eas of the Mediterranean regions, play a fundamental role 
for conservation, management and monitoring of land 
and landscape with high naturalist value. Moreover, there 
is also a relationship between the intensity of land aban-
donment and the type of rural heritage. Therefore, it can 
be very useful to introduce rural buildings as a qualita-
tive factor in the analysis of the elements that explain the 
abandonment of agricultural areas as well.
This methodology can be implemented at different lev-
els as a management and decision-making support tool for 
the different territorial governance. In fact, the simplicity 
of the methodologies, the interoperability between the dif-
ferent techniques and the possibility to realize semi-auto-
matic systems thanks to open source GIS tools, make the 
use of territorial data for the study of the territory more 
immediate. Open source software, in particular the QGIS, 
provide all the necessary tools to operate and process the 
types of geographical data needed for spatial studies, al-
lowing to simplify operations and improving the accuracy 
of the analysis. In addition, they allow a quick and simpli-
fied use of satellite images that in the past required much 
more specialized applications and techniques, difficult to 
integrate in GIS environment.
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Finally, thanks to the possibility of model builder and 
batch processing of the GIS software, once the areas and 
objectives have been identified, it is possible to carry out 
further investigations in series, repeating them over time, 
in order to speed up certain operations and create a sys-
tem to support spatial decisions. 
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